A Fischer indole synthesis with a cis-configurated octahydroisobenzofuran-6-one yielded exclusively a furo [3,4-c]carbazole derivative as the product of a regioselective angular annulation reaction. A Friedländer quinoline synthesis from the same substrate gave a mixture of angular and linear annulation products, i. e. furo[3,4-a]acridine and furo [3,4-b]acridine derivatives. When submitting a mixture of cis-and trans-octahydroisoindole derivatives to Fischer and Friedländer syntheses, the trans-starting material gave regioselectively linear annulation products, i. e. pyrrolo [3,4-b]carbazole and pyrrolo [3,4-b]acridine derivatives. In contrast, the respective cis-configurated isoindole gave mixtures of angular and linear annulation products. The constitutions and relative configurations of nine new indole and quinoline derivatives were established by 2D NMR experiments and X-ray singlecrystal investigations.
Introduction
Indole [1 -3] and quinoline [4, 5] derivatives are among the privileged structural motifs in medicinal chemistry. The to date still most efficient access to these heterocycles are the Fischer [6] and the Friedländer [7] syntheses both starting from ketones. Two regioisomeric products can be formed, when unsymmetrical ketones are submitted to these annulation procedures. We had recently investigated bicyclic ketones 1 regarding this regioselectivity. In the case of indole formation with phenyl hydrazine, highly regioselective annulation was observed [8 -10] , which was dependent on the relative configuration of starting materials (Scheme 1): ketones trans-1 gave exclusively linear annulation products 2, whereas diastereoisomeric cis-1 yielded only the angular compounds 3. When submitting the ketones cis-and trans-1 to a Friedländer quinoline synthesis with orthoaminobenzaldehyde, a less pronounced regioselectivity was observed [11, 12] .
Very recently, we have developed an access to the enantiopure hexahydroisobenzofuran 6a and the hexahydroisoindole derivative 6b by a sequence of coppercatalyzed asymmetric Michael addition with L-valine c 2011 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com Scheme 1. Linear versus angular indole annulation of bicyclic ketones 1. E = CO 2 Et or CO 2 Me; n = 0, 1, 2. diethylamide as chiral auxiliary [13] and aldol condensation [14] (Scheme 2). Compounds 6a and 6b were obtained with > 99 % and 97 % ee, respectively.
Subject of the present study was an investigation into the regioselectivity of Fischer indole and Friedländer quinoline synthesis starting from an octahydroisobenzofuran 8a and an octahydroisoindole Scheme 2. Synthesis of enantiopure hexahydroisobenzofuran 6a and -isoindole derivatives 6b [14] .
derivative 8b, i. e. the hydrogenation products of enones 6a and 6b. Starting materials herein are used as racemates. Particular focus of the study was on the dependence of angular versus linear annulation from the relative cis-or trans-configuration of the hydrogenation products 8a and 8b.
Results and Discussion
Enones 6a and 6b were prepared in the racemic series according to the literature procedure [14] . HydroScheme 3. Hydrogenation of enones 6a and 6b. genation of both substrates proceeded smoothly at ambient pressure, but elevated temperature (Scheme 3). Isobenzofuran derivative 8a was obtained in 83 % yield as a mixture of two diastereoisomers with a high ratio of 16 : 1 (by NMR and GLC analysis), which could not be separated. This mixture was used in subsequent transformations, which revealed that the major diastereoisomer had cis-configuration (vide infra). Isoindole 8b was obtained in 88 % yield and also as an inseparable mixture of diastereoisomers with moderate dr = 62 : 38. In this case, the relative configuration (cis or trans) could not be assigned.
Fischer indolization of compound 8a with phenyl hydrazine was performed in a mixture of trifluoroacetic acid (TFA) and acetic acid (AcOH) at 100 • C in a tightly closed reaction flask (Scheme 4). After workup and chromatography, compound 9 was obtained as a single regio-and diastereoisomer with 70 % yield. The structure of this compound was established by NMR, with all proton and carbon resonances assigned by 2D experiments (HMBC, HMQC, H,H-COSY). The ABX system of 10c-H and the two 1-H protons was indicative of the angular constitution. Moreover, the two 3-H protons appeared as a characteristic AB system, and both 4-H and 5-H as an ABXY system. An X-ray single-crystal structure determination of this compound confirmed the angular constitution and moreover established the relative cis-configuration of both fused aliphatic rings (Fig. 1) . The exclusive formation of an angular annulation product from a cis-configurated starting material is in perfect accordance with earlier observations with carbocyclic substrates [9] .
In order to obtain quinoline derivatives, ketone cis-8a was converted into quinoline derivatives with freshly prepared ortho-aminobenzaldehyde and p-TosOH as acidic additive without use of a solvent, at elevated temperature in a tightly closed reaction flask (Scheme 4). After workup, the two annulation products 10 and 11 were obtained in 2 : 1 ratio and 60 % overall yield, and were separated by chromatography. The angular constitution of compound 10 was elucidated by comparison of its 1 H NMR spectra with those of compound 9, where the same ABX, AB and ABXY spin systems were observed. The linear constitution of regioisomer 11 was already indicated by a characteristic AB system of both 11-H protons in the proton NMR spectrum. Moreover, it was unequivocally proved by an X-ray single-crystal structure determination (Fig. 2) . Apart from the constitution, again a relative cis-configuration was observed. Lower regioselectivity of this Friedländer quinoline formation is again in accordance with earlier observations at carbocyclic systems [11] .
A Fischer indolization could be conveniently achieved in a mixture of TFA and AcOH. A tertbutyl carbamate protective group would however be cleaved during such reaction conditions under formation of isobutene, which could undergo FriedelScheme 5. Fischer indole synthesis starting from octahydroisoindole 8b.
Crafts alkylations of the aromatic rings [10] . For this reason, we cleaved the Boc group of compound 8b by heating it with TFA prior to its conversion with phenylhydrazine (Scheme 5). Starting material 8b was submitted to this procedure as a mixture of diastereoisomers. After workup, the three products 12, cis-13 and trans-13 were obtained in 8 %, 11 % and 31 % yield, respectively, and could be separated by chromatography. The constitution of all three products was unequivocally established by NMR spectroscopy. Spin systems in the proton NMR spectra of the angular (12) and linear (cis-and trans-13) compounds are similar to those of the isobenzofurans 9 -11. The relative configuration of the angular compound 12 was elucidated by NOE experiments: irradiation of 10c-H (δ = 3.87 ppm) indicated clearly its syn-relationship to the ester methyl group (δ = 3.68 ppm). Regarding the relative configuration of compound 13, NOE experiments were not fruitful, since the 3a-H protons were in both cases overlapping with other signals. Anyhow, a crystalline derivative of the major isomer trans-13 was obtained by reductive amination with benzaldehyde and a zincmodified cyanoborohydride according to a literature procedure [15] furnishing the N-benzyl amine 14 (65 % yield, Scheme 5), which was submitted to X-ray single-crystal structure determination. Its ORTEP re- presentation (Fig. 3) shows, beside the linear constitution, the relative trans-configuration. It can therefore be concluded that the other linear isomer of 13 must be cis-configurated. Whereas the exclusive formation of the linear annulation product trans-13 from the trans-configurated starting material 8b is in perfect accordance with earlier observations with carbocyclic substrates [9] , the regioselectivity starting from cis-8b is low.
In order to prearrange the Friedländer quinoline synthesis, the Boc group was again cleaved from isoinScheme 6. Friedländer quinoline synthesis starting from octahydroisoindole 8b. dole 8b by using TFA. The respective mixture of cisand trans-diastereoisomers was then treated with ortho-aminobenzaldehyde in the presence of TosOH to yield a mixture of three quinolines (Scheme 6). Only compound trans-16 was separable by chromatography and obtained as a pure material (26 % yield). Apart from spectroscopic evidence, its constitution and configuration was enlightened by preparation of a crystalline derivative 17 by sulfonamide formation. Single-crystal X-ray structure determination of compound 17 revealed the material to be linear and transconfigurated (Fig. 4) . The two other quinoline derivatives were obtained from the annulation reaction as an inseparable mixture (26 % yield, ratio 71 : 29). We presume the major of the two components to be the angular cis-isomer 15 by comparison of its 13 spectrometer. IR spectra were recorded on a Bruker Tensor 27 spectrometer equipped with a "GoldenGate" diamond ATR unit. Compounds 6a and 6b were prepared according to literature procedures [14] . ortho-Aminobenzaldehyde was always freshly prepared by reduction of ortho-nitrobenzaldehyde with iron powder as reported previously [16] . All other starting materials were commercially available.
Methyl cis-6-oxo-1,3,3a,4,5,6,7,7a-octahydroisobenzofuran3a-carboxylate (8a)
A degassed suspension of enone 6a (18.9 mmol, 3.70 g) and Pd/C (0.94 mmol, 1.0 g, 10 % w/w Pd) in EtOAc (60 mL) was stirred for 15 h at 60 • C under an atmosphere of H 2 (1 bar). After cooling the reaction mixture to ambient temperature, it was filtered through SiO 2 and the residue rinsed with EtOAc (60 mL). The filtrate was evaporated and the crude material purified by chromatography (SiO 2 , hexane-EtOAc = 1 : 1, R f = 0.23) to give 8a (3.12 g, 15.7 mmol, 83 %) as a colorless oil, being a mixture of cis/trans-diastereoisomers (ratio 16 : 1 according to 1 
2-tert-Butyl-3a-methyl 6-oxooctahydroisoindole-2,3a-dicarboxylate (8b)
A degassed suspension of enone 6b (10 mmol, 3.0 g) and Pd/C (1.0 mmol, 1.1 g, 10 % w/w Pd) in EtOAc (60 mL) was stirred for 15 h at 60 • C under an atmosphere of H 2 (1 bar). After cooling to ambient temperature, the reaction mixture was filtered through SiO 2 and the residue rinsed with EtOAc (60 mL). The filtrate was evaporated and the crude material purified by chromatography (SiO 2 , hexane-EtOAc = 1 : 1, R f = 0.37) to give 8b (2.63 g, 8.77 mmol, 88 %) as a yellow, viscous oil, being a mixture of two diastereoisomers (ratio 62 : 38 according to GLC), causing doubled signal sets in the NMR spectra (integral ratio 0. 
Methyl cis-1,3,3a,4,5,10c-hexahydrofuro[3,4-c]carbazole3a-carboxylate (9)
A solution of ketone 8a (240 mg, 1.21 mmol) and phenylhydrazine (170 mg, 1.57 mmol) in a mixture of AcOH (4 mL) and TFA (1 mL) was stirred in a tightly closed reaction flask for 20 h at 100 • C. After cooling to ambient temperature, the mixture was adjusted to pH = 10 with 50 % aqueous KOH solution (ca. 2 mL) and then extracted with CH 2 Cl 2 (3×70 mL). The combined organic layers were dried (MgSO 4 ), filtered and evaporated. The residue was submitted to column chromatography (SiO 2 , hexane-EtOAc 
Friedländer quinoline synthesis from ketone 8a
A mixture of ketone 8a (240 mg, 1.21 mmol), freshly prepared 2-aminobenzaldehyde (230 mg, 1.57 mmol) and p-TosOH·H 2 O (230 mg, 1.21 mmol) was heated for 2 h at 110 • C. After cooling to ambient temperature, the mixture was dissolved in CH 2 Cl 2 (20 mL), the resulting solution was washed with saturated NaHCO 3 solution (10 mL) and brine (10 mL). The organic layer was dried (MgSO 4 ), filtered and evaporated. The residue was submitted to chromatography (SiO 2 , hexane-EtOAc Methyl cis -1,3,3a,4,5,11b-hexahydrofuro [3,4-a] acridine-3a-carboxylate (10) IR ( Methyl cis-1,3,3a,4,11,11a-hexahydrofuro[3,4-b 
Fischer indole synthesis from ketone 8b
TFA (1.5 mL) was added at 0 • C (ice-water bath) to carbamate 8b (280 mg, 0.942 mmol, dr = 62 : 38). The resulting mixture was stirred for 3 h at 50 • C and then for 3 h at 100 • C. After cooling to ambient temperature, AcOH (4.5 mL) and phenylhydrazine (129 mg, 1.22 mmol) were added, and the mixture was stirred in a tightly closed reaction flask for 1 h at ambient temperature and then for 16 h at 110 • C. After cooling to ambient temperature, CH 2 Cl 2 (15 mL) was added, and the mixture was extracted with H 2 O (3 × 15 mL). The combined aqueous extracts were adjusted with 50 % aqueous KOH solution (ca. 5 mL) to pH = 10. The resulting suspension was extracted with CH 2 Cl 2 (3 × 50 mL). The combined organic layers were dried (MgSO 4 ), filtered and evaporated. The residue was chromatographed on SiO 2 (MTBE-MeOH = 1 : 1, + 3 vol-% NEt 3 ) to give three fractions: The first fraction (R f = 0.50) contained the linear indole derivative cis-13 (30 mg, 0.11 mmol, 11 %) as an orange-brown solid. Secondly, the angular indole 12 (R f = 0.45, 20 mg, 0.073 mmol, 8 %) was obtained as a red-brown solid. Finally, the linear indole derivative trans-13 (R f = 0.31, 80 mg, 0.30 mmol, 31 %) was eluted as an orange solid. mixture was stirred for 3 h at 50 • C and then for 3 h at 100 • C. After cooling to ambient temperature, the volatiles were evaporated in high vacuum, and p-TosOH·H 2 O (129 mg, 0.677 mmol) and freshly prepared 2-aminobenzaldehyde (107 mg, 0.88 mmol) were added to the residue. The mixture was stirred for 4 h at 100 • C, then cooled to ambient temperature and dissolved in CH 2 Cl 2 (50 mL). The solution was extracted with hydrochloric acid (1.5 mol L −1 , 3×50 mL). The combined aqueous extracts were adjusted with 50 % aqueous KOH (ca. 25 mL) to pH = 10 and then extracted with CH 2 Cl 2 (3 × 100 mL). The combined organic extracts were dried (MgSO 4 
